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We argue that the extremely low vapor pressures of room temperature ionic liquids near their
triple points are due to the combination of strong ionic characters and of low melting temperatures.
An extremely low vapor pressure (e.g., ca. 100 pPa
at 298K for [C4mim][PF6] [1] compared with 3 kPa at
298K for H2O [2]) is one of the extraordinary prop-
erties of room temperature ionic liquids (RTILs), i.e.,
molten salts with melting points below 100◦C. As a
consequence, RTILs such as [C4mim][PF6] at 298K are
liquids which do not evaporate significantly even under
ultrahigh vacuum (UHV) conditions (i.e., for a pressure
range 100 nPa . . . 100 pPa [3]), which offers the possibil-
ity to use RTILs, e.g., as substitutes for volatile organic
solvents [4, 5]. Only a decade ago RTILs were still de-
scribed as “non-volatile” [4], but meanwhile direct mea-
surements of their vapor pressures and enthalpies of va-
porization at elevated temperatures have been carried
out [6, 7]; even the distillation of RTILs [8] has been
achieved. Since non-ionic liquids (NILs, such as benzene
and water) exhibit triple point pressures p3 above 1Pa
(see Tab. I(a)), one might be tempted to attribute the ex-
tremely low triple point pressures of RTILs exclusively to
their ionic character. However, a comparision of RTILs,
which are composed of organic ions, with inorganic fused
salts (IFSs), which are also of ionic character, reveals that
the triple point pressures of the latter are above 1Pa (see
Tab. I(c)), such as for NILs. This rules out that the ionic
character is the only reason for the low triple point pres-
sures of RTILs. We shall show below that it is in fact the
combination of the melting point to occur below room
temperature and of the ionic character of RTILs which
leads to the observed low triple point pressures. In other
words, any substance with a strong ionic character ful-
filling the definition of an RTIL inevitably exhibits ex-
tremely low vapor pressures near its triple point.
Figure 1 displays the experimental vapor pressures
psat(T ) for liquid-vapor coexistence at temperature T for
the non-polar liquid benzene (C6H6, see Ref. [2]), the hy-
drogen bond forming liquid water (H2O, see Ref. [2]), the
paradigmatic RTILs [C4mim][dca], [C2mim][NTf2], and
[C8mim][NTf2] (see Refs. [7, 9]), as well as fused cadmium
chloride (CdCl2) and sodium chloride (NaCl) as represen-
tatives of IFSs (see Ref. [10]). At low temperatures the
boiling curves terminate at the triple point temperature
T3 (see Tab. I and Refs. [2, 11–13]), which is close the
standard melting temperature of the corresponding sub-
stance because the melting curve is very steep. At high
temperatures the boiling curves of the NILs and the IFSs
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FIG. 1: Experimental vapor pressures psat(T ) at liquid-vapor
coexistence of non-ionic liquids (NILs), room temperature
ionic liquids (RTILs), and inorganic fused salts (IFSs) as a
function of temperature T for the non-polar liquid benzene
(C6H6, see Ref. [2]), the hydrogen bond forming liquid water
(H2O, see Ref. [2]), the paradigmatic RTILs [C4mim][dca],
[C2mim][NTf2], and [C8mim][NTf2 ] (see Refs. [7, 9]), as well
as fused cadmium chloride (CdCl2) and sodium chloride
(NaCl) as examples of IFSs (see Ref. [10]). At low temper-
atures all curves terminate at the corresponding triple point
temperature T3 (see Tab. I), which is close to the standard
melting temperature of that substance. At high tempertures
the boiling curves for the RTILs terminate at the decomposi-
tion temperature Td, whereas the boiling curves of the other
liquids end at their critical points (see Tab. I). Room tem-
perature T0 = 298K and ambient pressure p0 = 10
5 Pa are
indicated.
terminate at their critical temperatures Tc (see Tabs. I(a)
and (c) and Refs. [2, 14]), whereas RTILs decompose at
a substance specific decomposition temperature Td (see
Tab. I(b) and Refs. [4, 11, 15]). As it is apparent from
Fig. 1, RTILs do not boil at ambient pressure p0 = 10
5Pa
because boiling is preempted by decomposition; conse-
quently Tab. I(b) displays only extrapolated standard
boiling temperatures T extr
b
for RTILs.
In order to understand the position of the boiling
curves of RTILs in Fig. 1, we note that with respect to
the strength of the particle-particle interaction, RTILs
lie in between NILs, which interact via relatively weak
dispersion forces and possibly hydrogen bonds, and IFSs,
2(a) NIL T3/K p3/Pa Tb/K Tc/K Refs.
C6H6 278.7 4799 353.2 562.1 [2]
H2O 273.2 611.7 373.1 647.1 [2]
(b) RTIL T3/K p3/Pa Td/K T
extr
b /K Refs.
[C4mim][dca] 267 1.5× 10
−13 695 719 [9, 11]
[C2mim][NTf2] 271 8.9× 10
−12 712 906 [7, 13, 15]
[C8mim][NTf2] 264 7.8× 10
−14 698 857 [7, 13, 15]
(c) IFS T3/K p3/Pa Tb/K Tc/K Refs.
CdCl2 837 214 1233 ? [10, 12]
NaCl 1074 46 1738 > 3400 [10, 12, 14]
TABLE I: Experimental data for characteristic temperatures
of (a) non-ionic liquids (NILs), (b) room temperature ionic
liquids (RTILs), and (c) inorganic fused salts (IFSs) corre-
sponding to the substances discussed in Fig. 1. T3 and p3
denote the temperature and the pressure, respectively, at the
triple point, Tc is the critical temperature, and Td denotes
the temperature for the onset of decomposition of an RTIL
[11, 15]. Tb denotes the standard boiling temperature at am-
bient pressure p0 = 10
5 Pa for NILs and IFSs, whereas the
standard boiling temperatures T extrb for RTILs are estimated
by extrapolation [19] because boiling of RTILs is preempted
by decomposition.
which interact predominantly via strong Coulomb forces.
Due to the larger size of the RTIL ions and a possible de-
localization of the charge their interaction is, however,
weaker than that of IFS ions. Hence, ignoring for the
time being the decomposition of RTILs at Td, the mo-
lar enthalpies of vaporization ∆vapH(p) > 0 at pres-
sure p are expected to be ordered as ∆vapH
NIL(p) <
∆vapH
RTIL(p) < ∆vapH
IFS(p). On the other hand, in
the spirit of Trouton’s rule [16], the molar entropies of
vaporization ∆vapS(p) at pressure p are expected to de-
pend only weakly on the kind of substance, because their
values are dominated by the translational and rotational
degrees of freedom whereas vibrational and electronic
modes and the structural arrangements contribute only
as small corrections [17]. Data for organic and inorganic
liquids tabulated in Refs. [12, 18] suggest a Trouton-like
rule ∆vapS(p0) ≈ (95 ± 15) J/mol at ambient pressure
p0 = 10
5Pa. According to ∆vapH(p) = Tb(p)∆vapS(p)
[16] with Tb(p) denoting the boiling temperature at pres-
sure p one expects the relation TNIL
b
(p) < TRTIL
b
(p) <
T IFS
b
(p), which is indeed consistent with the experimen-
tal findings for NILs and IFSs [2, 12, 18] and the extrapo-
lations for RTILs to ambient pressure [19] (see also Fig. 1
and Tab. I). Away from the critical point ∆vapH(p)
and ∆vapS(p) depend only weakly on p [2, 12], such
that we can approximate ∆vapH(p) ≈ ∆vapH(p0) and
∆vapS(p) ≈ ∆vapS(p0) for a certain reference pressure
p0 such as the ambient pressure. Within this approxi-
mation the Clausius-Clapeyron equation [16] allows one
to estimate the vapor pressure psat(T ) for liquid-vapor
coexistence at temperature T :
psat(T ) ≈ p0 exp
(
−
∆vapH(p0)
RT
+
∆vapS(p0)
R
)
. (1)
According to the above reasoning concerning ∆vapH and
∆vapS one infers the relation
pNILsat (T ) p
RTIL
sat (T ) p
IFS
sat (T ). (2)
Actually, liquid-vapor coexistence at psat(T ) occurs only
in the temperature ranges T3 ≤ T ≤ Tc for NILs and
IFSs and T3 ≤ T ≤ Td for RTILs (see Fig. 1).
Equation (2) follows from general considerations con-
cerning the strength of the particle-particle interaction
and the entropy of vaporization. According to these
simple arguments it is indeed the strong ionic character
which leads to a downshift of the boiling curves psat(T ) of
RTILs relative to those of NILs. However, the reason for
IFSs having not an even lower triple point pressure than
RTILs is the large difference in the triple point tempera-
tures (TRTIL3 < T
IFS
3 , see Tab. I) induced by a large differ-
ence in standard melting temperatures. The mechanism
for leading to the low standard melting temperatures of
RTILs has been explained in terms of a frustrated crys-
tallization due to asymmetric ion shapes, charge delocal-
ization, packing inefficiency, and conformational degen-
eracy [20–23]. Hence the extremely low vapor pressues of
RTILs near their triple points can be understood on very
general grounds based on both a strong ionic character
and low melting temperatures; the conclusions are inde-
pendent of substance specific properties which explains
why this phenomenon is a common feature of RTILs.
In summary, we have shown that near its triple point
the vapor pressure of a room temperature ionic liquid of
strong ionic character is very small, because it depends
exponentially on the ratio of a large enthalpy of vapor-
ization — which is almost as large as that of inorganic
salts — and a small thermal energy near the triple point,
which is as small as that of non-ionic liquids. According
to psat(T ) ∼ exp(−∆vapH/(RT )), where the prefactor
is approximately independent of the kind of substance,
an increase of ∆vapH , reflecting the ionic character of
room temperature ionic liquids relative to non-ionic liq-
uids, leads to a downshift of psat(T ). For room tempera-
ture ionic liquids these low vapor pressures are physically
accessible due to their low triple points, induced by their
low melting temperature — which is part of the definition
of room temperature ionic liquids (see Fig. 1). The even
stronger ionic character of inorganic fused salts would
in principle lead to even lower vapor pressures; however,
these cannot be reached for their liquid state because
they are preempted by a significantly higher freezing and
thus triple point temperature (see Fig. 1).
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